Objectives: Preinvasive squamous neoplasms of the lower genital tract are currently classified using a two-tier system (high-or low-grade squamous intraepithelial lesion) as directed by the Lower Anogenital Squamous Terminology (LAST) guidelines but may also be subclassified as intraepithelial neoplasia grade 1 (−IN1), −IN2, or −IN3. The LAST recommended that all diagnoses of −IN2 be supported by immunohistochemistry (IHC) for p16. We examined whether p16 and Ki-67 IHC are necessary to diagnose −IN2 when the lesion has obvious high-grade histology.
S quamous cell carcinomas of the lower anogenital tract are a significant cause of morbidity and mortality worldwide, and many of these carcinomas can be linked to human papillomavirus (HPV) infection. 1, 2 Colposcopy-directed biopsy of women with positive screening by cervical cytology and visually directed biopsy of vulvar and vaginal lesions aim to distinguish between transient HPV-associated epithelial changes and precancerous lesions with malignant potential. [1] [2] [3] Current evidence supports a dichotomous classification of high-and low-grade squamous intraepithelial lesions (HSIL and LSIL), which subsumes the older three-tiered system (intraepithelial neoplasia grade 1, 2, and 3: −IN1, −IN2, −IN3), correlating with the presence of dysplasia in the bottom third only, extending into the middle third, or extending into the top third of the epithelium. [3] [4] [5] [6] The treatment threshold in the United States is HSIL (−IN2 and −IN3). 7 In our institution, we use both reporting systems (e.g., "HSIL [cervical intraepithelial neoplasia 2 {CIN 2}]"), because a diagnosis of −IN2 as opposed to −IN3 can convey to clinicians that there may be a margin of safety for observation. This is especially important in younger women with desired future fertility, because repeated excision can predispose to cervical insufficiency. 8 To improve reproducibility in grading intraepithelial lesions, multiple ancillary studies have been proposed. The p16 INK4A cyclin-dependent kinase inhibitor is upregulated in cervical precancers as a result of pRb inactivation by viral E7 protein.
Strong, diffuse p16 staining has been significantly associated with high-risk HPV (HRHPV) infection and high lesion grade in multiple studies (24%-100% of −IN2 lesions and 54%-100% of −IN3 lesions). [9] [10] [11] Ki-67 immunohistochemistry (IHC), too, can be useful in classification of cervical squamous neoplasia, although the data supporting its diagnostic use are still equivocal. 12, 13 This antibody reacts with the nuclei of cells that are in nonresting phases of the cell cycle. Ki-67 particularly has a role in differentiating reactive conditions (with proliferation restricted to parabasal cells) from dysplastic ones. The presence of ectopic proliferating cells in the lower, middle, or upper third of mature squamous epithelium supports a diagnosis of −IN1, 2, or 3, respectively. 14 In 2012, a consensus group sponsored by the American Society for Colposcopy and Cervical Pathology presented the "Lower Anogenital Squamous Terminology (LAST)" recommendations for histopathology reporting of HPV-related squamous lesions of the lower anogenital tract. 15 Working Group 4 (WG4) of this panel called for "recommended" use of ancillary p16 IHC when a diagnosis of −IN2 is being considered, based on the rationale that −IN2 diagnoses have poor reproducibility, 16, 17 and that the use of p16 IHC has been shown to reduce interobserver variability. [18] [19] [20] [21] Although this recommendation was intended to reduce overdiagnosis of HSIL when the appropriate diagnosis is LSIL, it raises several concerns. Up to 35% of histologic −IN2 lesions are p16 negative (not diffusely positive), whereas up to half of −IN1 lesions are diffusely p16 positive. 10, 11, 22, 23 A shift to a p16-driven definition of −IN2 would thus result in overdiagnosis of p16-positive LSIL as HSIL and underdiagnosis of p16-negative HSIL as LSIL. This would result in overtreatment in some cases, with unnecessary expense and avoidable risks, and undertreatment in others, with the possibility of progression of disease. In addition, constant reliance on ancillary immunostains would increase cost and turnaround time. An alternative to universal p16 staining is consensus assessment of biopsies, which may improve diagnostic validity but may not be generalizable to all practices.
We hypothesized that cases with a hematoxylin and eosin (H&E) impression unequivocally favoring −IN2 would not be revised to a lower-grade diagnosis after the performance of p16 and Ki-67 IHC. To test this hypothesis, we reviewed a series of lower anogenital tract specimens for which a histologic impression of −IN2 was formed based on H&E findings alone. We performed 
MATERIALS AND METHODS

Institutional Review Board Approval
This study, including a waiver of consent, was approved by the Human Research Protection Office at Washington University School of Medicine.
Cases and Cohorts
Patients eligible for inclusion were women undergoing biopsy or excision of a squamous lesion of the lower genital tract in our institution between July 27, 2015, and April 30, 2017. Overall, we intended to include all cases for which LAST WG4 Recommendation 2 would mandate p16 IHC. These are cases for which the pathologist "is entertaining an H&E morphologic interpretation of −IN2 (under the old terminology)." 15 Cases were excluded if grading of dysplasia in the subject tissue was precluded by (1) minuscule tissue, (2) detached epithelium without underlying stroma, (3) marked cautery and crush artifact, and (4) focus of dysplasia exhausted on deeper levels or IHCs. Cases were also excluded if definite histologic CIN 3 or above was identified (in which case LAST guidelines would not recommend p16) or if the H&E differential included benign or LSIL (in which case WG4 recommendation 1, not 2, would be more pertinent and would call for performing the stain). When more than one specimen within a case met eligibility criteria including possible −IN2, the one with the largest area of dysplasia was selected as representative of the case.
Two cohorts of patients were enrolled. The prospective cohort consisted of women for whom a diagnosis of −IN2 was considered apparent by the case pathologist when reviewing initial H&E-stained slides. The impression of −IN2 was considered a "preanalytic" determination, because it was recorded before performing p16 and Ki-67 IHC, which were the interventions under study. The site (cervix, vagina, vulva, or perineum/perianus) and type of specimen (biopsy or excision) were also recorded. The preanalytic impression for each case was sustained at a daily gynecologic pathology quality assurance conference, attended by a subset of nine subspecialty gynecologic pathologists; when disagreement occurred, a consensus interpretation was reached.
Immunostaining and Scoring
In the prospective cohort, immunostains for p16 and Ki-67 were performed after H&E examination. p16 (MTM Laboratories, clone E6H4, prediluted) and Ki-67 (Ventana, clone 30-9, prediluted) were used for staining on a Ventana IHC autostaining platform. The results of the p16 IHC were visually coded by an attending pathologist for intensity (block/diffuse positive, patchy positive, focal positive, or failed/lost) and distribution (confined to lower 1/3, extending to middle 1/3, extending to upper 1/3). p16 staining was considered positive if there was continuous strong nuclear (± cytoplasmic) staining involving at least one third of the epithelial thickness. The results of the Ki-67 IHC were also coded for intensity (increased, not increased, or failed/lost) and distribution (confined to lower 1/3, extending to middle 1/3, extending to upper 1/3). All completed cases (including the IHC stains and H&E) were reviewed at consensus conference, and a postanalytic diagnosis was reached.
Because of varying pathologist practices, not all eligible cases occurring during the study period were entered into the prospective cohort. To give a complete series, a retrospective cohort was constructed to recapture the remaining cases. We retrieved consecutive cases for which a diagnosis of squamous intraepithelial neoplasia was rendered, with or without ancillary immunostaining, and that had not been entered into the prospective series. These cases were reviewed by all of the authors in a consensus conference setting, blinded to the original diagnosis, to identify those with a preanalytic (H&E only) impression of definite −IN2. Immunohistochemistry for p16 and Ki-67 was then performed on these cases, as previously described, if it had not been previously done. The H&E and IHC slides were then reviewed by the authors in consensus (L.S., L.Z., and one or both of I.S.H. or H.R.K.) to reach a postanalytic diagnosis incorporating IHC results.
Statistics
Statistical analyses were performed using Excel Version 14.3.9 (Microsoft Corp, 2013, Redmond, WA) and Prism 7 (Graphpad Software, 2016, San Diego, CA.).
Role of the Funding Source
This research was supported by a grant from the Anatomic Pathology Fund at Washington University School of Medicine, supporting immunostains, with no influence on study design or data analysis.
RESULTS
Prospective Cohort
For the prospective cohort, 46 cases were identified with a preanalytic (H&E) impression of at least −IN2 and with documentation by the case pathologist that immunostains did not appear medically necessary to establish a diagnosis of −IN2 (see Table 1 ). By design, cases where the histologic differential In all prospective cases, p16 and Ki-67 were performed and used to support or refute the presumptive diagnosis. Five (11%) of 46 cases had negative p16 staining (2 focal/patchy positive and 5 with no reaction) (see Tables 2, Figure 1 ). In four of these cases, the final diagnosis remained −IN2 based on morphology and Ki-67 staining. In the other case, in addition to negative p16 staining, the Ki-67 staining was not increased, and the final diagnosis was downgraded to −IN1. There were three cases in which p16 staining supported a change in the final diagnosis to −IN3. Examples of positive and negative p16 staining patterns are shown in Figure 2 .
Similar results were obtained with Ki-67 staining of the prospective cases. Among cases with a preanalytic impression of definite −IN2 or −IN2/3, the Ki-67 supported an HRHPV-driven lesion in 43 (93%) of 46 cases (i.e., with evidence of increased proliferation extending above the parabasal layer), but in 3 (7%) of 46 cases, reactivity was only present in the lower third (see Table 2 ). In one of these cases, the p16 staining was also negative, and the diagnosis was downgraded to −IN1. In the other two, the histologic features together with positive p16 caused the diagnosis of −IN2 to be sustained.
The IHC results were integrated with the H&E findings to arrive at a final diagnosis that was supported by consensus interpretation. The correlation between preanalytic and postanalytic diagnoses is shown in Figure 3A . There was only one case (1/46, 2%) for which a diagnosis lower than −IN2 was ultimately rendered after integration of p16 and Ki-67 data.
Retrospective Cohort
Thirty-eight cases were identified for the retrospective cohort. Most were from the cervix (35/38,92%) and were biopsies (22/38,58%) (see Table 1 ). Of cases for which HRHPV status had been determined, 23 (92%) of 25 were positive.
After IHC, one (3%) of 38 cases had negative p16 staining, but Ki-67 showed full-thickness reactivity, and the case received a postanalytic diagnosis of −IN3 (see Table 2 , Figure 1 ). There were three cases with patchy p16. Two had increased Ki-67; one had no increase in Ki-67. For all three, the postanalytic consensus opinion was that the findings overall still substantiated a diagnosis of −IN2. Staining failed for two cases because of tissue depletion. Thus, altogether, in the retrospective series, no diagnoses were revised downward to less than HSIL with the addition of IHC results (see Figure 3B ).
DISCUSSION
This study tested the utility of routine IHC in supporting morphologic diagnoses of −IN2 in a practice employing consensus review by specialist gynecologic pathologists. The LAST consensus statement is widely accepted as expert opinion in the United States and worldwide. WG4 of the LAST consensus panel recommended that "if the pathologist is entertaining an H&E morphologic interpretation of −IN2… p16 IHC is recommended to help clarify the diagnosis. Strong and diffuse block-positive p16 results support a categorization of precancer. Negative or nonblock-positive staining strongly favors an interpretation of low-grade disease or a non-HPV-associated pathology." 15 This recommendation is based on the rationale that −IN2 diagnoses are poorly reproducible, representing a mixed cohort of both precancerous and transient lesions. The authors cite evidence that p16 contributes to more robust diagnoses by serving as a surrogate for clinically relevant infection by HRHPV. This may be helpful in cases with a bona fide differential diagnosis of LSIL versus HSIL. However, neither −IN2 nor HSIL is defined by either HPV or p16, so we contend that negative HPV or p16 is not a prima facie obstacle to diagnosing −IN2/HSIL. Furthermore, falsenegative p16 results can occur. 24 We undertook the present study to determine the circumstances under which p16 contributes usefully to the diagnostic process. We coupled p16 with Ki-67, a marker of cellular proliferation, because of the presence of proliferating cells above the parabasal layer can provide adjunctive information for classifying squamous dysplasia. 12, 13 The LAST recommendations do not advocate routine use of Ki-67 because of insufficient supporting literature; our results here support the conclusion that Ki-67 IHC adds minimal benefit in diagnosis. 15, 22 We included cases for which the pathologist initially judged the diagnosis sufficiently clear that IHC would not be required, but for which p16 would be mandated by the LAST guideline. Of these, nine (10%) of 84 prospective and retrospective cases were p16 negative, and only one case (1/84 = 1.2%, 95% confidence interval <0.01%-7.1% by modified method of Wald) was downgraded out of the −IN2+ range as a result of p16 IHC. Of some note, this case had a concurrent biopsy at a separate site in which −IN2 (supported by positive p16 and Ki-67 IHC) was present.
In reviewing cases for inclusion, we identified many for which the H&E diagnosis was sufficiently uncertain as to merit IHC. These are cases for which p16 and Ki-67 would be performed out of medical necessity. We wish to emphasize that in these cases of diagnostic uncertainty, these ancillary studies would be useful, and they should be employed at the pathologists' discretion. However, in unambiguous cases, p16 would be extraneous.
Of the 13 (15%) of 84 cases that were initially graded −IN2/3, 100% stained positively for p16. Whereas the LAST recommendations explain that p16 is not recommended in cases of morphologically unequivocal −IN3, there is no explicit recommendation for cases where the initial differential diagnosis is between −IN2 and −IN3. Whereas our study included only a small number of such −IN2/3 cases, this would seem to be a group in which p16 could particularly be spared. In the face of limited resources for health care delivery, it seems unnecessary to mandate the use of an immunostain in unambiguous cases.
Given that the possibility of −IN2 can only be ascertained after the review of H&E slides, mandatory use of p16 IHC would add a delay (of 1 day, in our laboratory) to the turnaround time of these cases, potentially delaying patient care and impinging on a metric that is important to payors and providers. In addition, we caution against too much reliance on ancillary immunostains. Using p16 positivity alone to define −IN2 would result in overdiagnosis of p16-positive LSIL as HSIL and underdiagnosis of p16-negative HSIL as LSIL. This is in concordance with findings from WG4 that "there is insufficient evidence to prospectively determine high-grade versus low-grade disease based solely on a p16 result." 15 For example, in a consensus-based, prospective cohort, it was demonstrated that p16 staining in a strong and diffuse block pattern was more sensitive than the combined performance of multiple pathologist reviews (86.7% compared with 68.9%, respectively) but much less specific (82.8% vs. 97.2%). 22 By those authors' calculations, using p16 IHC positivity as a threshold to treat would result in overtreatment of 39% of women with consensus-diagnosed CIN 1. This observation supports the LAST recommendation that p16 should not be used in cases with unequivocal morphology of −IN1. Unnecessary treatment adds to physical and psychological stress, escalates health care expenses, and incurs risks of side effects and adverse events. Conversely, in our study, eight (9%) of 84 cases with negative p16 staining remained classified as −IN2 after consensus expert review. Reclassifying these as LSIL based on the p16 staining alone would result in significant underdiagnosis of lesions that do not fit within the current definition of LSIL. Our percentage of p16-negative −IN2 lesions is lower than those in previous reports, which ranged from 19% to 35%. 10, 23, 24 This difference might be accounted for by consensus review of our cases by gynecologic pathologists.
To some extent, the present question would be obviated by full implementation of the LAST project's fundamental recommendation to classify squamous lesions of the lower anogenital tract using a two-tier system (LSIL and HSIL). Under this system, the distinction between −IN2 and −IN3 would vanish. Immunohistochemistry would remain an ancillary test that could be useful for differentiating LSIL versus HSIL and HSIL versus reactive conditions but could be omitted for unambiguous cases. Whereas LAST recommends a two-tier system, and this has been implemented in our laboratory and others, we agree with the LAST authors that maintaining an −IN2 category may be useful in clinical management; for example, by allowing for conservative treatment of cervical lesions in young women of reproductive age. 3 It thus remains relevant to study the validity and criteria for diagnoses in the three-tier system.
Limitations of the present series include its small size and its reliance on practices at a single institution. Results may not be generalizable to practices that do not include pathologists specializing in gynecologic pathology. In addition, although we treat a consensus panel of expert gynecologic pathologists as the criterion standard for diagnosis, expert interpretation may not reach the "true" diagnosis in all cases, and microscopic diagnosis of histopathology, including −IN2, remains an "imperfect science" prone to interpretive variance. In this regard, follow-up data would be clinically informative. It is currently not clear whether p16-negative −IN2 lesions consistently behave like precancer (with progression) or like transient HPV-induced lesions (with regression). Guedes et al. 24 found no significant difference in regression between p16-positive and p16-negative CIN 2 lesions, further undermining p16 positivity as a threshold for treatment.
CONCLUSIONS
Our results show that diagnoses of −IN2 can be made reliably on squamous specimens of the lower female genital tract using H&E alone in many cases, at least in practice settings where subspecialty expertise is available.
First, we identified a group of patients for whom a diagnosis of −IN2 was made after an initial differential of −IN2/3; 100% of these cases were p16 positive in our series, and this is a population for which ruling out a lower diagnosis is not medically necessary and p16 can be spared. It may be beneficial to add a comment to pathology reports to clarify when this situation arises (e.g., "This specimen has definite histologic features of HSIL, and on a three-tier scale is best graded as −IN2").
Second, we also noted that after an initial impression of −IN2, eight of the nine cases that were p16 negative still had compelling −IN2 morphology and did not fit into current definitions of LSIL (−IN1). It is not completely clear how such cases should be reported, because this group meets the morphologic criteria on which −IN2 (with its risk of progression) was defined, and will include any false-negative p16 cases (true-positive HSIL that should be diagnosed and treated). We concede that this will be controversial among those whose opinion is that the stain provides accuracy superior to morphology. The LAST group itself agrees that "adjudicated pathology panel interpretations [are] the best surrogate available for biologic accuracy." 15 We contend that it is not always true that "adding a p16 result to the H&E morphologic assessment leads to a more accurate prediction of the risk of the patient for having a precancerous lesion," 15 when this statement pertains to obvious histologic −IN2 that is p16 negative. The concern is that strict reliance on p16 to adjudicate histologic −IN2 may permit underdiagnosis of high-grade lesions. This situation is not fully addressed in the current LAST recommendations and should perhaps be reconsidered in future updates. Pathologists and clinicians should remember that p16 and Ki-67 IHC remain useful as ancillary tools for resolving a differential diagnosis between −IN2 and a lower diagnosis when a differential exists.
